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ARPA ORDER NO. 189-1 Tatarski's analysis of the first-order (single scattering) distribution function based on the Rytov approximation is shown to be in error, and the recent analysis of deWolf, which yields a Rayleigh distribution for the fluctuating intensity of light in a turbulent atmosphere in the limit of long optical propagation paths, is disputed. The experimental evidence for a log-normal distribution for the intensity fluctuations is pointed out.
IRRADIAN CE STATISTIC S, MODULAT ION TRANSFER FUNCTION , AND PHASE STRUCTUR E FUNCTION OF AN OPTICAL WAVE IN A TURBULEN T MEDIUM
We conclude that none of the theories proposed can account, in a consistent fashion, for the experimentally observed far-field irradiance statistics.
Expressions are derived for the modulation transfer function and the phase structure function. The dependence of these wave properties on the turbulence parameters within the Kolmogorov inertial subrange is found and, in particular, it is demonstrated that certain optical measurements of the phase structure function and the modulation transfer function can be interpreted in terms of an outer scale of turbulence of the order of 10 to 50 em, values which typically can be expected under inversion conditions. For sufficiently short paths, it is pointed out that the theoretically achievable resolution through the atmosphere and the signal-to-noise ratio of an optical heterodyne detection system can be larger than previous calculations
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which is the exact expression for F [F(v)], and observed the range 0 over which the curve appeared to be linear.
Rather than follow this procedure, we plotted the cumulative distributions for I distributed according to a log-normal, Rayleigh, and exponential distribution (the latter corresponding to a Rayleigh amplitude distribution) in Fig. 1 . The curves were plotted on the same axis over a two-decade range for which Fried, et aZ., (r.) = t(r.) + irn(r.), where~ is the log-amplitude and cp is the
phase of the wave, we obtain where D~ and Dcp are the log-amplitude and phase structure functions, *A bar over a quantity indicates the ensemble average of that quantity. Tatarski ( 3 ) calculates the phase and log-amplitude structure functions in a plane perpendicular to the direction of propagation of a plane wave, with wave number k which has propagated a distance L, to be
where J is the Bessel function of zero order, and ~ (K) is the threeo n dimensional spectral density of refractive index. Substituting Eq.
(11) into Eq. (9) yields the MTF for plane waves~ One can argue on physical grounds that a lower limit to the MTF must be obtained when the transverse distance p is sufficiently large that the optical wave arriving at the points £ 1 and £ 2 has been scattered through (statistically) independent media. In this case, Hence, if the optical path is sufficiently short, the medium does not limit the resolution which can be obtained.
A decrease in the inertial subrange could thus explain the "saturation 11 in the phase structure function and the MTF. If the limiting value of the MTF were sufficiently high, optical resolution could be improved by employing larger receiver optics.
A similar consideration is involved in evaluating the performance of an optical heterodyne detector, which involves a double integral of the MTF over the receiving aperture. Based on an MTF which rapidly tends to zero, Fried(lO) has predicted a limit to the achievable average signal-to-noise ratio, no matter how large the *The quantity L is the propagation distance where the average c field is down by the factor e-land is determined from the equation 18 detection collection aperture. A high saturation value of the MTF suggests that further improvement of the performance with larger apertures might still be a reasonable consideration for sufficiently short paths.
